Introduction
Nowadays, due to the absence of integrated watershed management in most regions, natural resources have caused numerous damages with severe floods as one of its consequences which further leads to economic, social and environmental damages. Recently, there is no optimal utilization of land in most watersheds; hence there is no optimal model to account for the facilities and objectives used in the watersheds.
As a means of exploitation of natural resources, watersheds have always been considered by policy makers and planners of countries for sustainable development. Meanwhile, the logical and systematic use of upstream resources that eliminate dangers for downstream areas has been regarded as one of the most important policies of natural resources managers. Thus, the use of multi-objective decision making methods of planning such as goal programming (GP) will be useful for optimal land allocation.
Since Zayandehrood dam, located at the downstream of Chelgerd watershed (a part of Zayandehrood river basin), provides the drinking and agricultural water of flexible enough for the manager to consider both ecological and political factors.
Fuzzy goal programming (FGP) method was employed by Pal et al. (2003) to resolve agricultural programming problems. In applied procedure, objectives and constraints were fuzzy and deterministic, respectively. Both concluded that this method allows the decision makers to determine the significance of individual objectives. They stated that proposed procedure is more compatible with the agricultural environment. Asadpoor et al. (2005) attempted to optimize the agricultural land use model using the FGP approach and resulted that the FGP model allocates the resources in a better way by making the goals flexible. In a research, Han et al. (2011) reviewed the development of a multi objective procedure using interval parameters. The developed model was implemented for the allocation of water resources with different qualities to urban, agricultural and industrial consumers in Dalian City, China. This method maximizes the economic, social and environmental profits. The results showed that the ratio of the reused water to the entire water is on a gradual increase, hence, there was a decrease in the ratio of agricultural water consumption to the entire water consumption. Amini (2013) implemented the FGP approach in the east of Isfahan. The quantitative analysis of the obtained findings suggested the superiority of the FGP approach over other models, in terms of simultaneous access to objectives. Alphan and Guvensoy (2016) applied a quantitative approach for evaluating spatiotemporal changes in land use and terrain cover in the eastern Mediterranean coast of Turkey. They concluded that the areas of urban, agricultural, and shrub lands were changing rapidly.
Some researchers applied other procedures in watershed management. For example, Graymore et al. (2009) used the decision support system (DSS) for the analysis and management of water projects in Glenelg Hopkins Catchment, in Australia. They stressed on the direct involvement of beneficiaries in the decision making process, as well as the significant role of DSS in effective project management. In a study for forest watershed management, Segura et al. (2014) applied the decision support system. Sahnoun et al. (2012) used techniques like ELECTRE to analyze the land use proportion. In a research, Lehmann et al. (2013) examined the effect of climate change, and the cost risks on crops management decisions, in the Switzerland usingan economic model based on the algorithm genetics. The results showed that the effects of costs change on the optimal management decisions are more than the effect of climate change. Porta et al. (2013) presented a performance genetic algorithm for programming land use through the use of constraints to be imposed and the variables to be optimized were selected on the basis of the current national, local laws and the criterions of experts. The results showed the efficiency of genetic algorithm in addressing the issues. Liu et al. (2013) introduced a fuzzy inference system for the evaluation of fuzzy algorithm based on a multi-criteria assessment to build a self-adapting system. The results indicated that the proposed model is very efficient. Haque and Asami (2014) carried out the optimal allocation of urban land uses through the use of an optimization generic algorithm model and applied a multi-objective function which simultaneously maximized the price of land and reduced the incompatibility between adjacent land uses. The results showed the simplification of the decision on land allocation. Shaygan et al. (2014) used the non-dominated sorting genetic algorithm (NSGA)-II for land use planning in Taleghan watershed. The results obtained from their research indicated that Economic return after optimization increased, while soil erosion decreased and the amount of runoff and soil erosion are important parameters in land use optimization. Stewart and Janssen (2014) used a special purpose genetic algorithm to produce an optimization model for land use planning in a region of the Netherland. The model produced showed consistent results in which the spatial distribution of activities are the same as with the more complex model of spatial goals, achievable. Xiaoya and Xiang (2015) surveyed the application of land use allocation model based on a multi-objective artificial clonal algorithm in China and it was found that the optimized model will offer improvements in viewpoint of the social and ecological objectives. In a study, Mohammadi et al. (2015) used NSGA-II to produce a plan with the purpose of sustainable development. They demonstrated the effectiveness of this algorithm through representation of optimal solutions with different priority and better application of non-linear objective functions in comparison to linear functions. Memmah et al. (2015) presented a review of 38 case studies about land use optimization using metaheuristics. Some of their conclusions are as follows: "the success of metaheuristics is problem-dependent and a future challenge is the use of parallelization techniques along with the hybridization of different metaheuristics or of metaheuristics with other optimization methods". Harshada et al. (2015) stated that "Optimization of land use can be attained functionally through Floor Space index (FSI)".
In fact, the conveyed classic optimization methods perform mathematical optimization but are unable to perform spatial optimization. Thus, the use of integrated methods can lead to results that are mathematically and spatially optimal. Eastman et al. (1995) developed a spatial procedure of multi-objective land allocation (MOIA) for multi-criteria analysis (MCA) and multi-objective analysis (MOA) decisions. Benjamin (2001) used a multicriteria evaluation in addition to a basic spatial DSS using MOLA in the area of Baringo in Kenya, for decision making about land use allocation. In a research conducted in Dongguan area of China, a combination of remote sensing and geographical information system (GIS)were used by Li in investigating land use and presenting a sustainable model for land allocation. Abubakar et al. (2012) Li and Zhao (2017) usedcellular automata model for "assessment of future urban growth impact on landscape pattern", Zhu et al. (2017) studied "effects of urban green belts on the air temperature, humidity and air quality", Liang et al. (2017) appliedlandscape metrics for "assessing urban green space distribution in a compact megacity", Shirazi et al. (2016) investigated "runoff trend and potentiality in Melaka Tengah catchment of Malaysia using SCS-CN and statistical technique", Maheshwari (2016) studied "the performance of irrigation systems around homes".
The aim of this study was to use the fuzzy mathematical-spatial optimization approach to develop an efficient utilization plan, so as to maximize profit and minimize sedimentation through optimal land allocation. Another purpose of this study was to determine both optimum values and locations of production resources.
Materials and methods
The study area is one of the mountainous watersheds located in the west of Iran and has a mean altitude of 2541.74 m from sea level, an area of about 13 580 ha and average slope of 24.45%. As regards climatic conditions, this watershed has an average annual rainfall of about 1350 mm and an average annual temperature of about 9 °C. According to Pajoohesh et al. (2011) who used the USLE model, the average amount of erosion in this watershed is about 15.02 tons/ha in a year; sediment delivery ratio using the calibrated Renfro (1975) model is about 24%, and consequently, the amount of sediment yield is about 3.6 tons/ha in a year (Figure 1) . Some other more influential factors of environmental sustenance are: soil texture, which is approximately silty clay loam, as it contains silt 43.8%, clay 18.6%, sand 16.9%, CaCo 3 19%, organic material 1.7%, cation exchange capacity (CEC) equal to 40 (cmol/kg) and maximum infiltration rate of 1.33 (in/h). The water quality is good and located in class C1S1 in the Vilcox diagram because of the sodium adsorption ratio of about 2 and electrical conductivity of about 500 (µmohs/ cm). Astragalus-Daphne is the dominant vegetation type in this region.
Data collection
To effectively conduct this research, the watershed boundary was first delineated by the ILWIS software using maps at a scale of 1:25000 and physical parameters of the watershed which includes perimeter and area etc. were extracted. Then, the land use map was prepared using 1:25000 scale topography maps and Google Earth satellite images. This map was controlled in the field work and adapted to To investigate the criterion of accessibility to water in the study area, the available data of surface and ground water in the region were first obtained. To estimate the amount of available water in the area of interest, crop water requirement (CWR) for the dominant plant and tree species (fruit and fruit less trees) in the area should be calculated. Therefore, by interviewing the different beneficiaries of the watershed in the field work, water constraints experienced, and the forms of irrigation as well as the approximate amount of crop water requirement were investigated. Thereafter, using meteorological information and the FAO Penman-Montieth method, ETo and CWR were calculated more precisely (Tables 1 and 2 ). It should also be mentioned that the USDA Soil Conservation Service method was used for effective rain calculation (Allen et al. 1998) . Finally, by comparing accessible water (the amount of water available in the watershed on the basis of harvesting licenses of the Water Resources Corporation Bureau) with the required amount of water calculated, no constraint about water was observed for developing gardens, irrigated agricultural lands and forest plantations.
For fruitless species depending on the experiences of beneficiaries, the CWR considered about 4000 m 2 /ha. In calculating the utility coefficient of different land uses and cultivations as well as the dominant watershed trees, field visits along with general interview were first conducted with beneficiaries (ranchers, farmers and gardeners), and the initial information were collected. Thereafter, through the use of agricultural statistics and official information of the Natural Resources Department and agricultural organization in addition to subtracting the real conditions. Investigation of the land use map reveals the development of residential areas, especially the city of Chelgerd, gardens and water installations. In preparing the exact average watershed slope map, the contour map was first made using a scale of 1:25000 with contour intervals of 20 m. Thereafter, the map of summits was prepared. Next, to avoid creating flat areas on the site of summits, contour map and summits map were integrated and digital elevation model (DEM) was made on the basis of the integrated model (see Figure 1A in the Appendix) to create a precise average slope of the watershed (see Figure 2A in the Appendix).
Other basis maps produced include: roads map, the channel network map and some long water ways of watershed, springs map, water installations map, the map of residential areas, the map of settlement regions for nomads, mines map, gardens map, the map of agricultural lands, the separated map of agricultural lands of dry farming as well as irrigated agriculture areas, rangelands map, the map of rock mass lands, and lastly the separable map of manageable and unmanageable areas were prepared (see Figure 3A in the Appendix). In this case, after preparing the current land use map, areas with no possibility of land use change, such as residential areas, roads, rock mass lands, wetlands, and reservoirs of dams, were separated from the entire watershed area and the remaining areas with the possibility of land use change were considered as management areas. Figure 3A shows the watershed areas in which there is the possibility of management and planning. The map also illustrates the current land use of these lands. costs, the net profit obtained from any land use was calculated. It is one of the applied objective function coefficients (C j ). Based on the importance of social issues in the management and planning of the watershed, field operations and interview with the various beneficiaries of the watershed were performed and the information obtained was used in the various stages of work implementation, such as discussion on land use comparisons, social problems like employment, constraints of water resources, etc. Also, another objective function coefficient considered in this study is the amount of sediment yield produced in each land use, and that was extracted from the study by Pajoohesh et al. (2011) . Additionally, a two -factor cross map and the suitability land use map (measurement land use map) produced from it were made on the basis of slope, soil depth and accessibility of water resources criterion in the manageable areas using Guidelines and Bulletins of the FAO (1976 FAO ( , 1983 FAO ( , 1984 FAO ( , 1985 FAO ( , 1990 FAO ( and 1992 , (see Figures 4A and 5A in the Appendix). It is noteworthy that two factors, i.e. slope and soil depth criterion factors, are crossed when each level of one factor occurs in combination with a level of the other factor. Information of this map together with ideas of the beneficiaries and managers of watershed are the core basis for determining the type of objectives and the values on the right-hand side (RHS) of constraints in the model.
Model development and mathematical optimization
In the case of fuzzy decision making, the intended goals of the decision makers comprising watershed managers, farmers, etc. are always fuzzy; even though constraints can be fuzzy or deterministic, depending on whether the available resources are fuzzy or not.
In the case of fuzzy decision making, the goals are determined by membership functions as well as the definitions of upper and lower tolerance limits. As regards the method used in this research, the goals are fuzzy and the fuzzy goal is one with a fuzzy aspiration level.
The general structure of the FGP model used in this research is based on Tiwari et al. (1986) 
The sign~ in the mentioned goals indicate the fuzziness of the aspiration level,m is the number of goals, n is the number of decision variables and B is the aspiration level or target value of goals. In this method, the membership functions µ i (G) should be defined for all fuzzy goals with fuzziness value of (Δ i ) and then 2 m subproblems using the minimum operator as bellow:
Maximize min ,
In FGP modeling, most past researchers like Tiwari et al. (1986) , first used the min operator to find fuzzy decisions that simultaneously satisfy the goals and constraints. Thereafter, the membership function of fuzzy decision making was used for maximization. The above method considers fuzzy decisions in relation to fuzzy goals and constraints, therefore there is no basic conflict between them. According to Tiwari et al. (1986) thus, "there will be the 2 m problems taking into account the different combinations of membership functions of fuzzy goals. The subproblems are linear with single objective function which can be solved by linear programming techniques. The solution of that subproblem which has the highest membership value (λ), yields the solution of the original FGP problem". In this study, two conflicting fuzzy goals corresponding to profit and sediment yield were considered while conducting the optimization in the watershed. The first goal was to correspond the total sediment yield in ton per year, while the second goal was to correspond the total profit in dollar ($) such that, if possible, it should be obtained in terms of the aspiration levels of decision makers.
Constraints
The constraints emphasized in this study include limitations related to production resources and restrictions related to water resources, which in both cases, also involve social issues. In the case of production resources including land uses, the values on the right-hand side of constraints and the aspiration levels of fuzzy goals are specified in terms of watershed condition and the beneficiaries' viewpoints, which are correspondingly equal to the maximum or minimum surface area allocated to each land use. Given that the garden lands and irrigated cultivation needed to be watered, it was checked whether or not there is a constraint in terms of water resources in the basin. Furthermore, the measurement condition was considered in determining these values. Thus, for formulation and solving, the model conventional prioritization structure in GP will be used and in this step, the membership functions will be constructed linearly for the fuzzy goals according to the obtained information.
Spatial optimization using multi-objective land allocation
It is also necessary that in addition to the extraction of optimal area of land uses by the mentioned method, the optimal spatial situation of different land uses be determined, ensuring that it be performed using MOIA. To achieve this, the following steps were made: First, the 12 fuzzy factor maps for slope and soil depth factors with equal importance were produced as criterion maps. These factors have monotonically decreasing and increasing linear membership functions for slope and soil depth, respectively. Also, these factors act as Boolean map that helps in determining suitable and unsuitable areas for each objective. Thereafter, using weighted linear combination (WLC) method, multicriteria evaluation (MCE) was done to produce six (6) suitability maps. MCE is a decision support tool for multi-criteria evaluation. It attempts to combine a set of criteria to achieve a single composite basis for a decision according to a specific objective. For instance, in order to make a decision about what areas are the most suitable for each land use development, the criteria are slope gradient and soil depth. An MCE combines criteria images representing suitability to form a single suitability map from which the final decision will be made. In this study, the WLC procedure is used as the combination method for the MCE. In this method, the criteria may include both weighted factors and constraints (Boolean maps). WLC starts by multiplying each factor by its factor weight and then adding the results. Constraints are then applied by successive multiplication to zero out excluded areas. In this research, factors had equal weights.
Next, the cell rank transformation of these maps was done by employing descending and ascending sorting process and 6 ranked suitability maps were produced. In this step, the optimal area of objectives were received with equal weights, MOLA was used in conducting the initial allocation and conflict resolution processes and finally the optimized spatial land use map was prepared (Figure 3 ). This method was performed using the IDRISI software.
Performing sensitivity analysis on the objective functions
In LP problems, the possible impacts of coefficients and variables on the value of objective functions and optimal solutions can be examined, after obtaining an optimal solution. Sensitivity analysis is a technique used to evaluate the degree of sensitivity of the optimal solution and objective function toward certain changes in the problems. Figure 2 shows the flow chart of work process steps of the combined mathematical-spatial optimization model: 
Results and discussion
In this study, the subproblem which had a global optimal solution was formulated to the priority structure using LINGO software as follows: Maximize = λ, s.t. 
The membership function values (λ) for the optimal solution is 0.35. In the fuzzy model in this study, the goals are just fuzzy and the other items are crisp. For future research, other parts, such as objective function coefficients, the RHSs, and constraints, can also be fuzzy. The FGP method was employed by Biswas and Pal (2003) to resolve agricultural programming problems on the condition that both constraints and objectives were fuzzy. Table 3 shows the solution values for decision variables of the model. The solution for the problem is lexicographically optimal because there is no other solution lexicographically better than it in the ordered goals. The optimal solution for the model under consideration had a goal value of G 1 equal to 29 507 08.96 million $ annually and G 2 equal to 43 881 .49 tons per year with both demonstrating under achievement of about 33 and 4%, respectively. Table 4 reveals the total contribution of decision variables to the objective functions, the reduced cost values and the optimality range. The total contribution of a decision variable to the objective function is obtained by multiplying its final solution by the objective function coefficient. As can be observed in Table 4 , x 2 or irrigated agricultures in G 1 and x 1 or rangelands in G 2 contributed more to the objective functions. Also, Table 4 shows that in the model, all decision variables except x 6 which is non-basic due to having non-zero reduced cost, had a reduced cost of 0 and are basic variables that exist in the optimal solution. The reduced cost of a variable indicates the amount of penalty one would have to pay to introduce one unit of that variable into the solution. Furthermore, allowable minimum and maximum values of objective function coefficients are shown in this table. Range of optimality or sensitivity analysis for goal (objective function) shows the ranges of the goal or objective function coefficients such that the current basis holds. For each decision variable, this includes the lower limit and upper limit allowed for its objective function coefficient so that the variable stays in basis, that is a basic variable.
From Table 5 , in the model, there was an equal corresponding maximum decrease for λ in C2, C4, C5, C6, C7, C8, C10 and C11. The overall land uses had a shadow price of 0. Furthermore, according to Table 5 , in the model, a corresponding maximum decrease was noticed in C9, C3 and C1 due to greater value of shadow price. The slack and surplus variables are the variables added to the constraints to convert them into equalities necessary for solving the problem. The slack variable is the starting basic variable for the constraint. In addition, it can be interpreted as the unused resource or RHS. Moreover, the surplus variable can be interpreted as the amount over the requirement or right-hand side. Sensitivity analysis for RHS (range of feasibility) shows the ranges of the right-hand sides such that current basis holds. For each constraint, this includes the lower limit and upper limit allowed for its right-hand side so that the current basic variable is still feasible.
The results indicated that people are still making use of land that does not follow the optimized procedure in the current condition. On the other hand, in the current conditions, land use is experimental and somewhat random and unscientific. Under optimized conditions, the area allocated to dry farming lands will decrease by about 12% and gardens will increase by about 423% while other land uses remain unchanged.
The sensitivity analysis of the objective function coefficient (c j ) revealed that c 1 and c 2 are the most important coefficients and their changes gave rise to further changes in the objective function solution. As c 1 decreased by 5%, the amount of sediment yield decreased by about 3%, and as c 2 increased by 5%, the profit increased by about2%, respectively. In this case, one of the objective function coefficients increases by 5% while other factors were kept constant. This was repeated for other coefficients and the effects of changes in each coefficient on the objective function value were determined. Each coefficient that caused the greatest changes in the value of the objective function was selected as the most sensitive. Figure 3 shows the result of performing spatial optimization. In fact, it is the optimized land use map of the watershed for the future. As its obvious land use structure indicates some displacement of land uses as a result of their optimal spatial allocation on the basis of the FAO land use measurements and also, some area development of garden and decrease of dry farming lands. As shown in Figure 3 and Table 3 , in the optimal conditions, the rangelands have the most value of area and the dry farming lands located at the margins of irrigated agricultures. In addition, among the useful results of the implementation of this plan that will lead to considerable development in the watershed includes: the results reveal the possibility of increasing the amount of annual profit obtained in this region from various land uses by about 37%. The integrated land use management gives rise to sustainable development of natural resources, as well as their conservation and rehabilitation. Water resources management aims to solve the menace of water deficiency in the rural areas located in DashteZarin region with the use of pressurized irrigation instead of traditional irrigation methods with the least possible cost. An estimation of CWR reveals that in pressurized irrigation condition, about 3.5 million cubic meters of water is needed while in the current condition about 20 million cubic meters were spent on traditional irrigation. In this case, transferring the water with the lowest possible cost for developing the pressure drip and rain irrigations will solve all the problems of water shortage of Dashte-Zarin and its rural environment and consequently, the employment and migration problem of young people in this region will be brought to an end.
The results from this study can be beneficial for environmental protection as follow:
The reduction of soil sedimentation through land use optimization will occur. The results reveal that optimal plan implementation will lead to a reduction of about 5074.38 tons per year in soil loss and damages caused by it. There will be an occurrence of development of gardens regarding water and soil resources potential as well as the suitable topography and consequently, the creation of an economic change due to very high income of this type of land use. It should be noted that some profitable recreational projects will give rise to a considerable increase in profit.
The development of gardens and consequently, further growth of the tourism industry in the region is another advantage. In this case, applications of agro-forestry designs which are a combination of forage cultivation and gardens, will not only boost the profit, but will also reduce pressure on rangelands.
The results show the presence of areas prone to forest with an area of about 95 ha in the watershed, such that, while maintaining pastoral values, due to more infiltration of rain in the forest ecosystems, forest in these areas makes feeding the underground water tables to be better, cause the springs in the region to be filled, with all environmental and recreational values of forest added to the region. In general, decreasing the amount of land allocated to dry farming and increasing the area allocated to gardens, forest and forest plantation increases the infiltration of rainwater into the ground and decreases runoff, flood, soil erosion and sedimentation. Thus correct allocation of land will be influenced on reducing environmental damages and therefore causes management and protection of environment. This plan is based on the principles of economy and is dependent on the existing resources using proper management and planning. We employed FGP like Pal et al. (2003) to resolve problems present in deterministic constraints condition and fuzzy objectives, and concluded that this model allows decision makers (DMs) to determine the significance of individual objectives, and is more compatible with the agricultural environment. Like Asadpoor et al. (2005) , we arrived at the conclusion that the FGP model allocates the resources in a better way by creating flexibility in the goals. Like Han et al. (2011), Fooks and Messer (2012) and Amini (2013) , concluded that GP or FGP is flexible enough for the DMs to consider ecological, political, socio-economic and environmental factors. Like Shaygan et al. (2014) , the results obtained from our research indicated that economic return after optimization increased, while soil erosion and sedimentation decreased. Some researchers have combined the LP model with other methods. For instance, after considering the comments and experiences of farmers Akbari and Zahedi Keyvan (2007) revealed that a combination of fuzzy hierarchical analytical method and the common linear programming (LP) model, produced more precise and compatible results with the real world condition.
Conclusions
A comparison of the area of lands allocated to various land uses in the current condition with the measurement condition and optimal condition as well as a consideration of the profit and sedimentation values changes, confirms the usefulness of this research. It should be noted that it is impossible to achieve the measurement map due to various constraints associated with available resources and socio-economic limitations in the basin. However, Figure 3 . Optimized land use map of the studied watershed an optimization of the best scenario, that is, the closest case to this map will be introduced to the beneficiaries and managers, until the decision makers come up with policies in accordance with it and manage the watershed. Even though the advantages of some land uses with high income such as growing medicinal plants have not been incorporated into the above calculations, the results obtained from the optimal model show that the proper use can increase the profit up to 37% and decrease sediment yield to about 1%. Furthermore, proper management of water resources can help address the problem related to water deficiency and drought as well as employment infrastructure, resulting in provision of socio-economic, cultural and tourism development in the region. The novelty of this study is as follows: 1 -So far, FGP is not used for optimization and land use planning in watershed and is only used in small farms for the planning their cultivation. 2 -FGP and MOLA have not been combined, in this study and for the first time, the two approaches were combined. 3 -Some studies conducted only the mathematical optimization of land uses without determining their optimal location, consequently, their results are incomplete for implementation in the real world. In other words, mathematically and spatially optimal results are more practicable and 4 -The combination of FGP -MOLA in terms of time has high performance and does not require much time while some approaches, such as genetic algorithms are very time-consuming.
